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ABSTRACT
Background: Laryngeal mask airway (LMA) is an useful alternative to endotracheal tube for airway management. The risk 
of life-threatening adverse respiratory events during its use is rare, but we need to know about the risk-adjusted prediction 
of its insertion failure requiring rescue tracheal intubation and its impact on patient outcome.

Materials and Methods: Five hundred patients; 6 months to 12-year-old, American Society of Anesthesiologists I and II 
scheduled to undergo elective surgical procedures that require general anesthesia were included in this study. LMA was 
inserted after induction of anesthesia. The insertion conditions, intra, and postoperative events were recorded. Our primary 
outcome variable was trial success from the first time.

Results: We recorded 426 cases (85.2%) of first trial success with clear airway compared to 46 case (9.2%) of second trial 
success (P ≤ 0.001). Predictors of failure of first attempt of LMA insertion include abnormal airway anatomy (91%), body 
weight <16 kg and age below 5 years (44%), the use of LMA size of 1 and 1.5 (3.8%), the intraoperative lateral position (3.8%).

Conclusion: The data obtained from this study support the use of the LMA as a reliable pediatric supraglottic airway 
device, demonstrating relatively low failure rates. Predictors of LMA failure in the pediatric surgical population should be 
independently considered.

Trial Registration: The study is registered in the Australian and New Zealand clinical trial registry with the allocated trial 
number: ACTRN12614000994684. Web address of trial: http://www.ANZCTR.org.au/A CTRN12614000994684.aspx.
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Introduction

Since its introduction to the practice of anesthesia in the early 
1980s,[1,2] the laryngeal mask airway (LMA) has gained wide 
spread popularity as a good and trustable substitute to the 
endotracheal tube in specific situations regarding the nature of 
the airway, the type of surgery, and the patient’s characteristics.

The development of small sized laryngeal masks allowed its 
use in anesthesia for the pediatric surgical patients. These 
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patients have different airway characteristics such as high 
larynx, large tongue, funnel shaped laryngeal cartilaginous 
skeleton, lack of teeth, and short neck which makes the 
possibility of difficult intubation higher than in adult patients. 
Added to this is the rapid development of hypoxemia 
during trials of intubation in a rather difficult airway of few 
kilograms infant.

The LMA has many advantages over the endotracheal tube 
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including more hemodynamic stability,[3] and reduced 
incidence of perioperative complications such as coughing, 
bucking, laryngospasm, soft-tissue trauma, laryngeal edema, 
and sore throat.[4]

Its use is also not without complications and risk as its airway 
protection is less tight than the cuffed endotracheal tube. Its 
use is associated with higher incidence of gastric insufflations 
and respiratory obstruction resulting in hypoxemia.[5] 
This is why the fourth National Audit Project of the Royal 
College of Anesthetists and Difficult Airway Society,[6] had 
reviewed complications of airway management morbidity 
and mortality such as brain damage, emergency surgical 
airway, unanticipated intensive care unit admission, or 
prolongation of Intensive Care Unit stay. They found that the 
estimated incidence of these life-threatening complications 
with supraglottic airway device use for general anesthesia 
was 1 in 46,174. In comparison, adverse respiratory events, 
such as significant airway obstruction and laryngospasm 
during LMA Classic™ use, were seen more frequently, with 
reported rates of 0.15-7%.

In our department
As with the endotracheal tube; insertion of the LMA became 
a basic skill that the junior staff should be well trained 
in its use and dealing with its possible problems during 
anesthesia. We performed this study to investigate the 
incidence of difficult and failed insertion of the LMA in 
pediatric patients compared with the relative ease of its 
insertion to judge the efficiency of our residents and junior 
staff in dealing with this supraglottic airway device aiming 
at avoiding risk factors that lead to failed insertion and 
ensuring more patient safety.

Materials and Methods

This cohort observational study was performed in the 
Department of Anesthesia of Qena University Hospital, 
South Valley University along the year 2014. The study 
protocol was approved by Qena Faculty of Medicine Ethics 
Committee. Parents of the patients were informed that the 
LMA will be used instead of endotracheal tube for airway 
management during anesthesia, and they gave consent to 
the anesthetic and surgical procedures altogether as use 
of the LMA is neither considered experimental nor harmful 
in our department as well as in other medical centers. 
The study is registered in the Australian and New Zealand 
Clinical Trial Registry with the allocated trial number: 
ACTRN12614000994684.Web address of trial: http://www.
ANZCTR.org.au/A CTRN12614000994684.aspx.

Five hundred patients 6 months to 12-year-old, American 
Society of Anesthesiologists I and II scheduled to 
undergo elective surgical procedures that require general 
anesthesia were included in this study. Exclusion criteria 
included surgery requiring endotracheal tube placement 
and controlled ventilation, emergency surgery to 
patients with potentially full stomach or insufficiently 
fasted, morbid obesity, recent upper respiratory tract 
infection (within 48 h and not resolved), and gastro 
esophageal reflux.

Anesthetic management was standardized to all patients. 
Children below 5-6 years of age were usually anesthetized 
by inhalational induction with sevoflurane in oxygen by face 
mask for sufficient time. Adequate depth of anesthesia was 
judged by the lack of motor response to jaw thrust. LMA 
(classic), (deflated and lubricated) is inserted and connected 
to the anesthesia breathing circuit. Intravenous (I.V.) line is 
established for fluids and drugs administration. The patients 
were monitored for SpO2, EtCO2, electrocardiography, and 
skin temperature. I.V. induction with propofol 1% 1-2 mg/kg 
plus 1-2 µg/kg fentanyl and atropine 0.04 mg/kg was reserved 
for older children who are co-operative with the attending 
anesthesiologist. Laryngeal masks sizes of 1-1.5 for 5-10 kg 
weight and 2-3 for 20-40 kg weight were used as appropriate. 
Maintenance of anesthesia was done by sevoflurane in 
oxygen. No neuromuscular blocking drugs were used. The 
LMA was removed at the end of the surgical procedure under 
a deep plane of anesthesia.

We recorded (in a separate sheet given to every attending 
anesthesiologist who will insert the LMA) the patient’s 
age, weight, size of LMA, type of surgical procedure, and 
time of surgery. We also recorded the number of attempts 
done before successful insertion of the LMA. The successful 
insertion was confirmed by adequate ventilation (SpO2 
≥92%), regular bag movement synchronous with chest 
movement, expired tidal volume of at least 7 ml/kg and no 
evidence of respiratory obstruction. During the maintenance 
of anesthesia the quality of airway and any manipulation 
of the LMA were recorded. Postoperatively we assessed 
our patients for persistent cough, sore throat, dysphonia, 
dysphagia, stridor, regurgitation, and laryngospasm. The 
presence of blood on the LMA was also noted and recorded 
in the LMA sheet.

Failure of the LMA insertion is defined as the inability to get 
the correct placement of the device within three attempts 
or dislodgment of the LMA after insertion that necessitates 
removal of the LMA and endotracheal tube placement. 
Inadequate ventilation was considered as a sign of failure in 
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the form of obstructed chest movement and desaturation 
(SpO2 ≤92 %).

Statistical analysis (done by Dr. Samar)
For purposes of statistical analysis, age was dichotomized 
into age <5 years and age 5-12 years. Weight was also 
dichotomized into <16 kg and above 16 kg. The same 
was done for gender, patient position, surgery time, 
anesthesiologist’s experience. All analyzes were performed 
using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Basic 
descriptive statistics was calculated for all data-field variables 
listed in Tables 1-4. Univariate analysis was conducted 
for each variable, with P values calculated using Pearson 
Chi-square or Fisher exact tests for categorical variables 
and Student’s t-tests for continuous variables. All variables 
considered to be significant (P < 0.05) were established as 
independent predictors. Odds ratios were then used to assess 

each variable for effect size, comparing the chance of a failed 
first trial of insertion of the laryngeal mask among patients 
with and without each risk factor.

Sample size calculation was done assuming that our primary 
outcome variable is the trial success of LMA insertion from 
the 1st time. We found that 478 (completed to 500 cases) 
sufficient for 80% power to detect a 2% failure rate of LMA 
insertion with P < 0.05 as significant.

Results

We enrolled 500 pediatric patients admitted to Qena 
University Hospital for different surgical procedures under 
general anesthesia using the LMA. We did not record any 
cases of failed LMA insertion in terms of complete airway 
obstruction after trial insertion, so we compared the success 
of trial of insertion from the first attempt with the second 
attempt.

We found statistically significant difference between groups 
regarding age above versus below 5 years, body weight 
<16 kg, male/female number of cases, and history of upper 
respiratory tract infection with P = 0.001 [Table 1].

Regarding the duration of surgery statistically significant 
difference was recorded between first and second attempts 
for the duration more than 120 min; as P = 0.01 [Table 1].

The method of induction of anesthesia showed that the I.V. 
induction was associated with higher incidence of a second 
attempt than the inhalational method though no statistically 
significant difference was found; P = 0.78 [Table 2].

The LMA size 2 was the most common size used with the 
higher rate of success of insertion from the first attempt 
[Table 2].

The airway after insertion was patent and clear in 426 (85.2%) 
cases. We did not record any case of complete obstruction 
after insertion [Table 2].

We recorded 9 (1.8%) cases of desaturation, 18 (3.6%), 
and 19 (3.8%) cases in whom bucking occurred after first 
and second attempts of insertion respectively, but the 
majority of cases 417 (83.4%) passed without intraoperative 
complications; P = 0.001 [Table 3].

Postoperatively: Nine (1.85) cases of a cough and 9 (1.8%) 
cases of a sore throat were recorded, and the rest of the study 
patients passed smoothly; P = 0.001 [Table 4].

Table 1: Patient’s characteristics

Parameter First 
attempt

Second 
attempt

P OR

Age
6 months-5 years 220 37 0.67 1.2 (0.46-3.3)
5-12 years 215 28 <0.001*

Weight
6-16 kg 102 27 ≤0.001* 0.75
18-45 kg 334 37

Sex
Females 65 37 <0.001* 7.6 (2.3-25.3)
Males 370 28

ASA status
ASA I 426 65 0.58 0.86 (0.8-0.93)
ASA II 9 0

Type of surgery
General surgery 146 32
Urosurgery 118 5
Ophthalmic surgery 82 12
Orthopedic surgery 25 9
Plastic surgery 65 6

Duration of surgery
≤120 min 333 65 0.01*
120-150 min 102 0

Patient position
Lateral 55 19 0.12 2.7 (0.74-10.1)
Supine 380 46

History of URI
Positive history 5 22 ≤0.001* 0.96 (0.03-0.17)
Negative history 436 45

History of OSA
Positive history 0 4 0.69 1.15 (1.07-1.24)
Negative history 431 65

Data are expressed as a number of cases in each category. *Statistically significant. 
First attempt: Success of LMA insertion from the first attempt; Second attempt: 
Success of LMA insertion from the second attempt; No failed insertion cases. URI: 
Upper respiratory tract infection; OSA: Obstructive sleep apnea; ASA: American society 
of anesthesiologists; OR: Odds ratio; LMA: Laryngeal mask airway
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We found eight risk factors predicting LMA insertion from the 
second attempt and requiring caution during management 
of pediatric LMA insertion. These factors include abnormal 
anatomy (91%), I.V. induction of anesthesia (59.4%), junior 
anesthetist (61%), lateral position of the child (3.8%), age 
group below 5 years (7.4%), weight <16 kg (5.5 %), LMA 
size 2 (5.6%), and the positive history of upper respiratory 
infection (4.4%) [Figure 1].

Discussion

This study was performed as a part of a program of self-
evaluation of training of the anesthesiologists working in 
our department. Five hundred pediatric patients admitted 
to our hospital in the year 2014 for different surgical 
procedures were enrolled in the study. The incidence of 
failed insertion of LMA was 0. We reported 426 cases (85.2%) 
of clear airway after LMA insertion from the first attempt 
and 46 cases (9.2%) of clear airway after the second attempt 
with overall percent of success of 94.4%. Intermittent partial 
airway obstruction occurred in1.8% of cases after LMA 
insertion from the first attempt and 3.8% of cases after the 
second trial without a need to remove or replace the mask 
with an endotracheal tube. The low incidence of pediatric 
laryngeal mask insertion failure in our study is consistent 
with prior literature, confirming its use as an airway 
management device during general anesthesia.[5,7-9] Despite 
this, the serious nature of adverse airway events is a risk the 
anesthesiologists must put in mind, and factors associated 
with increased failure risk are identified by our study. As 
we did not record cases of failed insertion we compared 
the success of trial insertion from the first attempt with the 
second trial of insertion.

We recorded 8 predictors of failure of insertion from the first 
trial [Figure 1] on top comes the airway anatomical variations 
between children as 91% of cases with airway abnormality 
were associated with failed first trial. The pediatric 
airway already possesses unique features that add difficulty 
to airway device insertion such as large tongue, short neck, 
high larynx, poor dentition, and if this is combined with 
recent (within 2 weeks) history of upper respiratory tract 
infection (irritable airway) then the chance of insertion from 
the first attempt was poor (1% in our study).

Table 2: LMA insertion conditions

Parameter First 
attempt

Second 
attempt

P OR

Method of anesthesia
Induction: VIMA 232 37 0.78 0.85 (0.27-2.6)
I.V. 203 28

Size of LMA used
Size 1 83 19 0.178 0.67
Size 1.5 46 0
Size 2 240 28
Size 3 61 23

Airway quality after insertion
Clear 426 46 <0.001 2.7 (0.87-8.4)
Intermittent partial 
obstruction

9 19

Complete obstruction 0 0
Data are expressed as a number of cases in each category. First attempt: Success of 
LMA insertion from the first attempt; Second attempt: Success of LMA insertion from 
the second attempt; No failed insertion cases. VIMA: Volatile induction and maintenance 
of anesthesia; I.V.: Intravenous; OR: Odds ratio; LMA: Laryngeal mask airway

Table 3: Intra-operative complications

Parameter First attempt Second attempt P
None 417 37 <0.001
Laryngospasm 0 0
Desaturation 0 9
Vomiting 0 0
Bronchospasm 0 0
Bucking 18 19
Pharyngeal trauma 0 0
Bleeding 0 0
Data are expressed as a number of cases in each category. First attempt: Success of 
LMA insertion from the first attempt; Second attempt: Success of LMA insertion from 
the second attempt; No failed insertion cases. LMA: Laryngeal mask airway

Table 4: Postoperative complications

Parameter First attempt Second attempt P
None 426 56 <0.001
Cough 9 0
Stridor 0 0
Dysphonia 0 0
Dysphagia 0 0
Sore throat 0 9
Vomiting 0 0
Data are expressed as a number of cases. First attempt: Success of LMA insertion from 
the first attempt; Second attempt: Success of LMA insertion from the second attempt; 
No failed insertion cases. LMA: Laryngeal mask airway

Figure 1: Predictors of percent success of laryngeal mask airway insertion 
from the first attempt and second attempt. Anatomy: Abnormal airway, 
VIMA: Volatile induction and maintenance of anesthesia. Senior: Senior 
anesthetist Supine: Patient position. ≥5 years: Patient’s age ≥16 kg: Patient’s 
weight. I.V.: intravenous induction of anesthesia, Size: Size of the laryngeal 
mask airway used. URI: History of upper respiratory infection
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Body weight and patient’s age represent important predictors 
of success of LMA insertion in children. We found body weight 
<16 kg which is usually associated with age <5 years are 
risk factors for failure of first trial of LMA insertion and only 
44% of cases of smaller children in whom we could insert 
LMA from the first trial. This is in agree with previous studies 
that found younger ages to present increased risk of airway 
complications of general anesthesia,[5,10,11] and increased risk 
of laryngeal mask failure in specific procedural groups.[12] 
The study done by Mathis et al. in 2013,[13] reported that: 
(Although multivariate analysis did not demonstrate age 
<2 years to be independently associated with laryngeal 
mask failure, univariate analysis demonstrated an association 
with increased failure risk. Our data suggest the need for 
heightened concern when considering laryngeal masks for 
younger children).

Related to patient’s age and weight is the size of LMA used. 
We found smaller laryngeal mask sizes (size 1.5 is the least 
[9% first trial]) and sizes not weight-matched to manufacturer 
recommendations were more frequently associated with 
first trial failure. These results must also be interpreted with 
caution, however, as variations in success were observed 
across laryngeal mask sizes, and laryngeal masks which 
were not size-weight matched may have been the result of 
inappropriate choice of the size. This addresses the effect 
of the attending anesthesiologist’s experience as we found 
over 60% of successful first trial insertion was with senior 
anesthesiologists. The senior anesthesiologist can decide the 
suitable method of induction of anesthesia (I.V. or volatile 
induction), the suitable LMA size, and the proper time of 
insertion of the LMA.

Among the surgical predictors of failure of LMA insertion are 
the patient’s position and the type and duration of surgery. 
Only 24% of cases in our study put in the lateral position 
were associated with the success of first trial insertion. This 
is consistent with a review of previous studies demonstrating 
the feasibility of LMA anesthesia in nonsupine positioned 
patients.[14] In that study, intraoperative surgical table 
rotation was the most significant risk factor independently 
associated with LMA failure. This can be attributed to 
displacement of the LMA position during untwisting of the 
circuit connection, also during reattachment of the circuit to 
the LMA, In addition, surgical procedures on the head and 
neck were seen in one-third of LMA failures related to table 
rotation, suggesting that surgical factors may have played a 
small but important role. It is to be noted that the surgical 
procedures such as ENT surgery had demonstrated significant 
independent relationships with laryngeal mask failure of 
insertion. Previous studies have similarly reported increased 

adverse respiratory events in head and neck surgeries using 
a laryngeal mask.[15]

Our study was performed to assess the efficacy of training 
of our residents during management of the difficult airway. 
The situation of the difficult airway requires a trial of LMA 
insertion as an alternative to endotracheal intubation. The 
attending anesthesiologist must be able to predict the ease 
of LMA insertion and save time if he was not sure that the 
LMA will be inserted easily and safely, otherwise he should 
search for other alternative that is why we designed this 
cohort to test the ability to predict ease of laryngeal mask 
airway insertion.

This study has several limitations: First we did not put 
guidelines for choice of LMA size and replacement of LMA 
with an endotracheal tube as this was left for the attending 
anesthesiologist who may be junior or senior staff. Second 
we did not assess and standardize the depth of anesthesia 
before insertion of the LMA. Lastly the intra and postoperative 
complications though rare were not evaluated for true 
correlation with the trial insertion.

Conclusion

We found a first trial of LMA insertion in pediatric surgical 
patients to be safe and easy in over 90% of our patients. The 
failure rate of first insertion trial though low but must be 
considered especially in difficult airway situations. Predictors 
of failure of first trial insertion are abnormal airway anatomy, 
age <5 years, weight <16 kg, the lateral position, and the 
use of LMA size of 1 and 1.5.
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